ABSTRACT.-We surveyed vegetation and bird assemblages in protected and exploited woodlands in the warm temperate, coastal woodlands of Buenos Aires Province, Argentina. Exploited woodland experienced selective logging of Celtis tala until at least 1960; presently it is used for sheltering domestic livestock. Vertical structure and floristic composition were simpler in exploited than in protected woodland. Likewise, avian density and species richness were lower in exploited woodland. Viewing the avifaunas from a guild perspective, we found the insectivore guild and frugivore-insectivore guild differed substantially between protected and exploited woodlands. The bird densities of these guilds were higher in protected woodland, and the species richness of the insectivore guild was lower in the exploited woodland. Apparently the insectivore guild responded primarily to structural differences, whereas the frugivore-insectivore guild may have responded more to differences in floristic composition. The granivore guild also differed between the two woodlands, but primarily because of changes in the density of the Rufous-collared Sparrow (Zonotrichia capensis). This bird species was more abundant in the protected woodland.
BIRD ASSEMBLAGES OF PROTECTED AND EXPLOITED COASTAL WOODLANDS IN EAST-CENTRAL
ABSTRACT.-We surveyed vegetation and bird assemblages in protected and exploited woodlands in the warm temperate, coastal woodlands of Buenos Aires Province, Argentina. Exploited woodland experienced selective logging of Celtis tala until at least 1960; presently it is used for sheltering domestic livestock. Vertical structure and floristic composition were simpler in exploited than in protected woodland. Likewise, avian density and species richness were lower in exploited woodland. Viewing the avifaunas from a guild perspective, we found the insectivore guild and frugivore-insectivore guild differed substantially between protected and exploited woodlands. The bird densities of these guilds were higher in protected woodland, and the species richness of the insectivore guild was lower in the exploited woodland. Apparently the insectivore guild responded primarily to structural differences, whereas the frugivore-insectivore guild may have responded more to differences in floristic composition. The granivore guild also differed between the two woodlands, but primarily because of changes in the density of the Rufous-collared Sparrow (Zonotrichia capensis). This bird species was more abundant in the protected woodland. Received 18 Oct. 1999 , accepted 5 March 2000 Human modifications of forest structure have different influences on bird communities. Clear-cutting promotes a drastic reduction of density and species richness in bird assemblages inhabiting the forest interior and increases the abundance of birds associated with early successional stages and forest edges (Mannan and Meslow 1984 , Probst et al. 1992 , Annand and Thompson 1997 . In contrast, selective logging has been suggested to have less effect on bird assemblages because this practice may produce smaller changes in vegetative structure (Hansen et al. 1995, Annand and Thompson 1997; but see Franzreb and Ohmart 1978) . Domestic livestock also have a negative impact on birds inhabiting woodlands and forests, in part because they decrease understory herbaceous plant cover (Bock et al. 1993 , Fleischner 1994 South America (but see, Marone 1990 , Willson et al. 1994 , Lopez de Casenave et al. 1998 , Aleixo 1999 . Coastal woodlands in Buenos Aires Province (east-central Argentina) have suffered considerable degradation because of human activities. Since the end of the eighteenth century, travellers have commented on the exploitation of these woodlands [see Concolocorvo 1773 Concolocorvo (1942 ]. The main human activities have been the extraction of firewood and charcoal (Cabrera 1949) . The woodlands also have been used to shelter domestic livestock (Parodi 1940) or have been eliminated for mining (Parodi 1940) . Biogeographical and distributional patterns of the birds of Buenos Aires Province are well known (Narosky and Di Giacomo 1993, Cueto and Lopez de Casenave 1999) . The ecology of birds inhabiting the coastal woodlands, however, has been little investigated (but see Cueto 1996) .
Here, we report on bird assemblages and vegetation structure in old-growth and secondgrowth coastal woodlands; the latter are known to have been selectively logged until about 1960 and presently are used for sheltering domestic livestock. We evaluated the following questions: (1) Are there differences between the old-growth and second-growth woodlands in terms of vegetation structure and floristic composition? (2) Are there differences in total bird density and species richness between old-growth and second-growth woodlands? (3) Are there differences in bird density within trophic guilds between oldgrowth and second-growth woodlands?
METHODS
Study area.-We conducted the study at the Private Reserve ''El Destino'' (35Њ 08Ј S, 57Њ 25Ј W, 2400 ha) on the coast of de la Plata River, Buenos Aires Province, Argentina. This reserve is part of the Biosphere Reserve ''Parque Costero del Sur'' (26,581 ha; CEPA 1989) . Tala-coronillo woodlands occupy 11.4% (ca 274 ha) of the Reserve ''El Destino'' (Cagnoni et al. 1996) . Dominant species of the canopy stratum are Scutia buxifolia, Celtis tala, Schinus longifolius, Jodina rhombifolia, Sambucus australis, and Ligustrum lucidum. Common species of the shrub stratum are Pavonia malvacea and Sida rhombifolia. Some vines (Clematis denticulata, Passiflora coerulea, and Parthenocissus quinquefolia) and an epiphyte (Tillandsia aeranthos) grow on the trees and shrubs. The herbaceous stratum is dense and continuous, principally consisting of Oplismenopsis najada, Parietaria debilis, and Euphorbia portulacoides (Cagnoni et al. 1996) .
The climate is wet, warm temperate, with hot summers and mild winters. Frosts are infrequent because of proximity to the river. The mean annual precipitation is 885 mm (n ϭ 10 years); the rainiest months are January and February (summer). The mean maximum temperature is 27.5Њ C and the mean minimum temperature is 5.9Њ C.
We studied an old-growth tala-coronillo woodland, which has been free of direct human disturbance at least since the beginning of this century (hereafter protected woodland). It is among the few surviving coastal woodlands where the original physiognomy was not altered by forestry practices (Goya et al. 1992 ). The other woodland was selectively logged for C. tala until about 1960 (hereafter exploited woodland). Trees recovered from exploitation mainly by stump sprouting. Today, the exploited woodlands provide shelter for domestic livestock, and the presence of animals appears to reduce the density and extent of the understory. We could not choose our woodlands in a way that controlled for this variable; therefore, any patterns in our data undoubtedly reflect the composite effects of past selective logging and present understory alteration.
Vegetation measurements.-We randomly located eight plots (30 ϫ 30 m) in both protected and exploited woodlands during December 1992 and March 1993. In the center of the plot we established a 15 m transect in each of the four cardinal directions. We sampled vegetation structure at 30 random points on each transect by erecting a rod marked at 1 m intervals at each point and recording the height and species identity of vegetation contacting the rod. The horizontal cover of each tree species was calculated as the percentage of points where the species was present. We averaged values over the four transects for each plot. We depicted profiles of foliage cover as the percentage of points with contacts at 1 m intervals.
Bird surveys.-We sampled bird populations in December 1993 (spring), March 1994 (summer), June 1994 (autumn), and September 1994 (winter) using fixed-radius point counts (Verner 1985 , Hutto et al. 1986 ). Morrison and coworkers (1981) recommended the use of four to six points to obtain a stable estimation of bird density in homogeneous areas (i.e., a single physiognomic class of vegetation dominates the site) such as those in coastal woodlands (Ribichich and Protomastro 1998) . Therefore we sampled the bird populations in six randomly located points in each type of woodland. All points were separated from each other at least 150 m. We sampled each point four times for 4 hr or less, beginning 30 min after sunrise, and again during the last 3 hr of daylight. At each point two persons recorded the number of birds seen or heard within 25 m from the center. Using two observers decreased the likelihood of missing birds that were present and improved confidence in species identifications. Sampling began immediately upon arrival at the count area and was continued for 10 min. Birds that flushed from within 25 m upon the observers' arrival were recorded as present (Hutto et al. 1986 ). We took special precaution to avoid counting the same individual more than once because this is the most important assumption of the method (Verner 1985) . Bird densities were averaged for each sample point over the four counts. We used the bird densities of the 12 spatial replicates (6 in each type of woodland) to avoid temporal pseudoreplication. Species richness per point on each sampling occasion was expressed as the cumulative number of species recorded in the four counts.
Bird species were assigned to three trophic guilds; insectivores, frugivores-insectivores, and granivores based on published data of feeding habits (Short 1975 , Canevari et al. 1991 , Davis 1993 , Montaldo 1993 and observations of foraging behaviors (Cueto 1996; Cueto and Lopez de Casenave, unpubl. data) .
Statistical analysis.-We evaluated differences in horizontal plant cover and vegetation profiles between the protected and exploited woodlands with the twotailed t-test or the Mann-Whitney U-test when the assumption of normality was violated (D'Agostino-Pearson K 2 test; Zar 1996) . We evaluated differences in bird density, species richness, and guild density between the protected and exploited coastal woodlands by using Two Factor Analysis of Variance with Repeated Measures on One Factor (Winer 1971 ) because we counted birds in the same points at every season. We used the Tukey multiple comparison test for comparing means and the simple effect test when the interaction between season and woodland was significant (Winer 1971) . We tested equality and symmetry of covariance matrices (Winer 1971) . Data for frugivore-insectivore guild violated the symmetry assumption, so in this case we used the Greenhouse-Geiser procedure (Lower Bound Epsilon correction, ⑀ ϭ 0.333) to adjust the degrees of freedom of within-subject effects (Winer 1971 Mean profiles of foliage cover in the protected (ⅷ) and exploited woodland (⅜) at the Reserve ''El Destino'', east-central Argentina. Asterisks indicate significant differences between woodlands (twotailed t-test: n ϭ 8; * P Ͻ 0.05; ** P Ͻ 0.01). rusis 1986) for DOS. We used a P Ͻ 0.05 as our level of accepted significance.
RESULTS
Vegetative structure of woodlands.-The tree species with greatest horizontal cover in the two woodlands was S. buxifolia, which did not show differences between the woodlands (Fig. 1) . Other species showed important differences in cover between woodlands: C. tala, L. lucidum, J. rhombifolia, and S. australis had significantly smaller horizontal coverage in the exploited woodland, while S. longifolia showed the reverse pattern (Fig. 1) .
The vertical distribution of vegetation cover in the protected woodland was relatively uniform between ground and 4 m, then increased slowly, reaching the greatest foliage cover over 7 m (Fig. 2) . The undercanopy stratum was principally composed of low trees (e.g., J. rhombifolia and S. australis) and L. lucidum saplings, and the canopy by S. buxifolia and C. tala. The exploited woodland had less plant cover at low strata (Fig. 2) because undercanopy species present in the protected woodland were missing and there were few L. Lucidum saplings. Above 3 m foliage cover increased, peaking at 5-6 m, and then declined rapidly (Fig. 2) . The most important species in the canopy of the exploited woodland was S. buxifolia, followed by S. longifolia and C. tala.
Bird assemblages.-Total density of birds in the protected woodland was higher than in the exploited woodland at every season (Table   1 , Fig. 3A ). In addition, total density showed seasonal changes in both woodlands (Table 1) . Seasonal changes were due to differences between spring and autumn densities (Tukey test: P Ͻ 0.01), principally in the protected woodland (Fig. 3A) .
Similar patterns were found in terms of species richness. At every season, bird species richness had greater values in the protected than in the exploited woodland (Table 1, Fig.  3B ). Bird species richness varied seasonally in both woodlands (Table 1) . Seasonal variations in species richness were due to lower values in autumn (Tukey test: P Ͻ 0.05), mainly in the protected woodland (Fig. 3b) .
Insectivorous bird density in the protected woodland was higher than in the exploited woodland at every season (Table 2, Fig. 4A ). The density of this guild did not show seasonal changes in either woodland (Table 2) . During spring and summer, we recorded 10 species in the protected woodland, whereas in the exploited only 4 species were found. In autumn and winter the number of species in this guild was similar in both woodlands (Table 3). Tropical Parula (Parula pitiayumi), House Wren (Troglodytes aedon), Rufousbrowed Peppershrike (Cyclarhis gujanensis), and Masked Gnatcatcher (Polioptila dumico- la) were the most abundant species of the guild; all of them showed higher densities in the protected woodland (Table 3) .
The frugivore-insectivore guild had a higher density in the protected woodland than in the exploited woodland (Table 2 ) during spring and summer (Fig. 4B) . Frugivore-insectivore guild density showed seasonal changes in both woodland types (Table 2) . Seasonal changes were the result of higher densities in spring and summer (Tukey test: P Ͻ 0.001; Fig. 4B ). The number of species of this guild was similar in both woodlands and its seasonal changes may be attributed to the arrival of migratory species, such as Smallbilled Elaenia (Elaenia parvirostris) and Streaked Flycatcher (Myiodynastes maculatus) during spring and summer (Table 3) . Frugivore-insectivore guild differences between woodlands in spring were due to the greater abundance of Small-billed Elaenia in the protected woodland, whereas in summer they were due to the higher abundance of Creamybellied Thrush (Turdus amaurochalinus), Rufous-bellied Thrush (Turdus rufiventris), Great Kiskadee (Pitangus sulphuratus), and Smallbilled Elaenia in the protected woodland (Table 3).
The density of the granivore guild showed an interaction between woodlands and seasons (Table 2) . Bird abundance was higher in the protected woodland only in spring and winter (Simple effect test; spring: F 1, 30 ϭ 8.35, P Ͻ 0.01; winter, F 1, 30 ϭ 6.66, P Ͻ 0.05; Fig. 4C ). Seasonal changes and differences between woodlands largely reflect variation in the density of Rufous-collared Sparrow (Zonotrichia capensis; Table 3 ).
DISCUSSION
We found important effects on bird density and richness, as well as on the densities of the three trophic guilds between protected and exploited woodlands. As our study was carried out in only two woodlands and we could not perform an experimental manipulation, our results did not show directly that logging and domestic livestock have been the cause of such differences. However, based on the woodlands' history and our observations in the surrounding areas, we believe that the differences in avian assemblages are most likely related to the woodlands' histories rather than to idiosyncratic or confounding factors.
Unlike some other forests where selective logging appears to affect bird assemblage only weakly (Hansen et al. 1995, Annand and Thompson 1997) , we found a strong reduction in both total bird density and species richness in the exploited woodland. This result could be related to the natural regrowth of the trees. Celtis tala has a pronounced capacity for resprouting (Hunziker and Dottori 1976 ) that appears to be the principal mechanism of tree regeneration, judging by the virtual absence of seedlings and saplings (Ribichich and Protomastro 1998) . Resprouting promotes a structure of thin branches and a low canopy. Furthermore, present use of the exploited woodlands by domestic livestock could be responsible for the reduction in cover of some tree species (e.g., J. rhombifolia, S. australis, and L. lucidum). There is evidence that reduced vertical structure and decreased floristic diversity have a negative impact on bird assemblages (Holmes and Robinson 1981 , Rice et al. 1983 , Rotenberry 1985 .
We found that the abundance and species richness of insectivorous birds were higher in the protected woodland. The bird species of this guild search for food mainly in foliage by gleaning and hovering at different heights (Cueto 1996) . In the exploited woodland foliage was dense between 5 and 6 m, but reduced (relative to the protected woodland) at low strata as well as in the top of the canopy. Sparser foliage correlates with lower density and richness of insectivorous birds in other temperate forests (Maurer and Whitmore 1981, Franzreb 1983 ; but see Darveau et al. 1992) .
The density of frugivorous-insectivorous birds varied among seasons in both woodlands, but during spring and summer was higher in the protected than in the exploited woodland. Cueto and Lopez de Casenave (un- Murriello et al. 1993 ) could thus be related to differences in the coverage of those plant species that were more abundant in the protected woodland (Fig. 1) . Outside the fruiting period (autumn and winter; Murriello et al. 1993) , the density of this guild did not differ substantially between woodland types, suggesting that floristic composition was more important than vegetation structure in the habitat used by the frugivorous-insectivorus birds.
Other researchers suggest that habitat selection by frugivorous birds correlated closely with fruit availability (e.g., Martin and Karr 1986 , Levey 1988 , Loiselle and Blake 1993 , Rey 1995 . Spatiotemporal variations in the granivore guild as a whole resulted primarily from patterns in one abundant species, Rufous-collared Sparrow. Cueto and Lopez de Casenave (unpubl. data) suggest that seasonal variation in Rufous-collared Sparrow densities reflects the higher food abundance during winter and the greater availability of nesting sites during spring in the coastal woodlands. Our data on Rufous-collared Sparrow in the protected and exploited woodlands support this hypothesis. This species frequently nests on the ground under shrubs, and consumes seeds and litter invertebrates on the ground (Canevari et al. 1991) . The exploited woodland provided less cover in the lower strata than the protected woodland; the herbaceous cover was sparse as well. We infer that as a result Rufous-collared Sparrows encountered fewer nesting and foraging opportunities in exploited than in protected woodland. Why the density of this species decreased during summer and autumn in both woodlands was not clear.
Our results indicate that old-growth woodland alterations promoted by past logging and present sheltering of livestock brought about reductions in the abundance and richness of bird assemblages. At present logging effects on birds could be more severe than those reported in this study. New studies are needed to identify the similarities and differences between recently and old logged woodlands and the impact on bird assemblages to determine if our results apply to other Chacoan forests.
